Background: Studies in many countries have reported higher lung cancer incidence and mortality in
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Socioeconomic inequalities in lung cancer incidence and mortality are consistently found in North America or in Europe; that is, higher incidence and mortality rates are observed among subjects with lower socioeconomic position (1) (2) (3) (4) . A better understanding of the mechanisms underlying these inequalities will help to define the most effective preventive policies for the social groups with the highest cancer incidence. As a first step to uncovering these mechanisms, it is important to identify the intermediate factors (mainly behavioral, biologic, or environmental) that explain these inequalities.
It has been suggested that inequalities in smoking could explain the socioeconomic inequalities in lung cancer incidence. However, the few studies conducted on this topic (1, 2, 5) found that smoking explained at most 40% of socioeconomic inequalities in lung cancer incidence. Two main explanations have been suggested for this finding. First, there might be residual confounding due to misclassification of smoking. Given the strength of the association between smoking and lung cancer, it is essential to conduct analyses that minimize any residual confounding due to imprecision in the measurement of smoking. Second, other risk factors, such as diet or occupational exposures, may explain the remaining inequalities.
Furthermore, the published studies consistently report larger socioeconomic inequalities in lung cancer incidence and mortality in Northern European countries when compared with Southern European countries (3, 5) . Again, these differences in the degree of inequality have been linked to differences in smoking behavior between countries (3, 6), but no study has been conducted across Europe to test this hypothesis.
Lastly, the association between smoking and lung cancer risk differs by histological type (7, 8) .
Smoking is most strongly associated with the risk of small cell carcinoma, followed by squamous carcinoma, and a weaker association is observed with adenocarcinoma. The association between smoking cessation and reduced lung cancer risk is strongest for small cell carcinoma and weakest for adenocarcinoma. As a consequence, inequalities in lung cancer incidence and the role of smoking in inserm-00364819, version 1 -25 Feb 2010 5 explaining these inequalities may differ by histological type. This issue has, however, not been thoroughly investigated (9) .
The main objective of this study was to investigate the role of smoking in explaining socioeconomic inequalities in lung cancer incidence in the European Prospective Investigation into Cancer and Nutrition (EPIC). Fruit and vegetable consumption has been found to be associated with reduced lung cancer risk, especially in smokers (10) . Therefore we decided to assess the role of diet in explaining socioeconomic inequalities in lung cancer incidence. Analyses were also stratified by geographic region and by histological type.
SUBJECTS AND METHODS

Population
The EPIC cohort is a multicenter prospective cohort conducted in 23 centers in 10 Norway). The study started at the beginning of the 1990s and included more than 500,000 persons mostly aged between 40 and 65 years. In most centers, subjects were recruited from the general population in a given geographic area (country, region, or city). The French cohort consists of members of the health insurance program for school and university employees, a large part of the Spanish and Italian centers include blood donors, the Utrecht cohort is based on participants in a mammography screening program, and the cohort in Florence also includes screening program participants. In Oxford, most of the cohort consists of ‗health conscious' subjects (vegetarian volunteers or healthy eaters). The cohorts in France, Norway, Utrecht, and Naples include only women. All subjects completed a dietary and lifestyle questionnaire at the time of enrollment in the cohort.
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6 Subjects with prevalent cancer at baseline (except nonmelanoma skin cancer) (n=20,866) or with length of follow-up equal to zero (n=341) were excluded from the analysis. We also excluded subjects with a ratio for energy intake versus energy expenditure in the top and bottom 1% (n=9674); subjects with missing information on smoking status, diet, or education (n=31,728); and subjects with missing information on date of diagnosis for an incident cancer before the incident lung cancer (n=12). The date of diagnosis was available for all lung cancer patients. Compared with other cohorts, the French cohort was a demographically very homogeneous population and thus was excluded from the analyses (n=61,704). The analysis was finally based on 391,251 participants, among whom 939 men and 692 women with lung cancer were identified.
End points
Incident cases of lung cancer were identified by population-based cancer registries in Denmark, Italy, The Netherlands, Norway, Spain, Sweden, and the United Kingdom or by active follow-up in Germany, and 
Statistical analyses
Information about the highest attained educational level was collected using a questionnaire specific to each country and classified according to four categories (primary education or less, vocational secondary education, other secondary education, and college or university).
When studying lung cancer, confounding due to shortcomings in adjustment for smoking is always an issue. The first step of the analyses was to search for the smoking-adjusted model that best fit the data. We took into account several aspects of tobacco consumption, including quantity and duration.
The final model included smoking status at recruitment as a categorical variable (never, current, or former smoker), age at the start of, and duration, of smoking (in years) as continuous variables, a linear and a quadratic term for current quantity smoked (number of cigarettes per day), and two interaction terms between duration and quantity and between age at start and duration. In addition, we introduced, for each continuous smoking variable, a dummy variable, which was coded 1 when missing (0 otherwise). Former smokers were defined as self-declared former smokers of any type of tobacco.
We then searched for the smoking and diet adjusted model that best fit the data. We only considered dietary variables (continuous or coded in quintiles) that had been reported to be statistically significantly associated with lung cancer incidence-fruit, vegetable, meat, and egg consumption Analyses were conducted with Cox regression models that were stratified by center and age at baseline in 1-year age categories using follow-up as the time factor. The proportional hazards assumption was verified by visual inspection of log-log plots of survival. In addition to estimating hazard ratios (HRs), we computed relative indices of inequality (RIIs) using the highest educational level as the reference category (11) . To calculate the RIIs, we used a relative measure of education. This is a ranked variable that is equal to, for each educational group, the mean proportion of the population with a higher We tried to assess (in a crude way) the potential residual confounding due to smoking in different ways. In other words, we tried to answer the following question: to what extent are inequalities observed in lung cancer incidence when controlling for smoking due to residual confounding for smoking? First, we tested the interaction between smoking status and education and we conducted additional analyses stratified by smoking status. If remaining inequalities are explained by residual confounding, then education and lung cancer incidence should not be associated among never smokers. On the contrary, if inequalities are observed among never smokers, this is in favor of other risk factors involved in inequalities in lung cancer incidence and residual confounding is unlikely to be the only explanation for the remaining inequalities. We also compared the results of the second model (adjusted for current inserm-00364819, version 1 -25 Feb 2010 9 smoking at recruitment) with those of the third model (fully adjusted for smoking). If adjusting only for current smoking already substantially reduces the inequalities in lung cancer incidence and if these inequalities are comparatively little reduced in a model fully adjusted for smoking, this would suggest that crude tobacco related variables can already account for an important part of inequalities in lung cancer incidence and this would not be in favour of important residual confounding due to an imprecise measurement of smoking.
Analyses were conducted for all centers together and for the three defined geographic regions:
Northern Europe (Norway, Sweden, Denmark, The Netherlands, and the UK), Southern Europe (Spain, Italy, and Greece), and Germany, and we tested for interaction between regions. This a priori grouping was based on previous work focusing on the smoking epidemic and socioeconomic inequalities in smoking (6, 13, 14) . Previous publications clearly distinguish different smoking patterns across Europe. In
Northern European countries, higher smoking prevalence is found among lower educated men and women of all ages. In Southern European countries, the association between education and tobacco consumption differs by age and sex: among older subjects, higher smoking prevalence is found among the higher educated men and women; in contrast, among younger subjects, generally higher smoking prevalence occurs among lower educated men and higher educated women.
To quantify the reduction in absolute inequality in lung cancer risk if the one major risk factorsmoking-could be eliminated, we computed age-standardized incidence rates by sex and education in a virtual population that would be the EPIC cohort in which all current smokers had stopped smoking and experienced the same lung cancer incidence rates as the ex-smokers. We then compared the rates in this virtual population with the observed rates in EPIC.
All statistical tests were two-sided. P values less than .05 were considered statistically significant.
RESULTS
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The education level of men and women was lower on average in Southern Europe than in Germany and
Northern Europe (Table 1) . Lung cancer incidence rates for men did not differ substantially between regions; however, rates for women were more than two times higher in Northern Europe than in Germany or in Southern Europe.
We found a higher proportion of current smokers and a lower proportion of never smokers among men and women with the lowest level of education in all geographic regions, except among women from Southern Europe ( Table 2 ). In Germany, the highest percentage of women never smokers was observed in the group with the lowest level of education, whereas the percentage of current women smokers did not differ substantially across educational levels. We observed an increase in duration of smoking with decreasing educational level, except in Southern Europe where no association was found among women and the duration was longer than in other groups only among men with a primary or less education. The relationship was less clear for quantity of smoking (number of cigarettes smoked per day). The median fruit and vegetable consumption increased with education both in men and women in Northern Europe and Germany but not in Southern Europe ( The interaction between education and geographic region was statistically significant among men and women in model 1 (Table 4) . Among men from all geographic regions and among women in Northern Europe, crude lung cancer risk was higher among lower educated participants. RIIs were nevertheless substantially lower among men from Southern Europe than Northern Europe and Germany. No statistically significant association was observed among women in Germany and among men in Southern
Europe. Among women in Southern Europe, the RII was statistically significantly less than 1, which means that higher lung cancer risks were found among higher educated women. Adjustment for smoking moved all estimates toward unity. The interaction between education and geographic region remained statistically significant only among women when smoking was adjusted for. The RIIs remained statistically significantly greater than 1 among men and women in Northern Europe and among men in
Germany. The comparison of models 2 (crude adjustment for smoking) and 3 (refined adjustment for smoking) leads to the same conclusion by region as that found among all participants namely that the refined adjustment lowered the estimates of RIIs but did not have impact on the statistical significance of any of these estimates. Additional adjustment for fruit and vegetable intake did not change the estimates in men and women.
Differences in risk for lung cancer by educational level according to histological type were found (Table 5 ). Among men, the RIIs were largest for small cell and squamous carcinoma in all analyses.
However, the differences were statistically significant in model 1 (unadjusted for smoking) only (test for heterogeneity P=.04). The RIIs were substantially smaller for adenocarcinoma and large cell carcinoma, and not statistically significant for the latter, except in unadjusted analyses. Among women, the RIIs increased for adenocarcinoma, large cell, small cell, and squamous cell carcinoma, in that order. After adjustment for smoking, the RIIs remained statistically significant among women only for squamous cell carcinoma and substantial but not statistically significant for small cell and large cell carcinoma. The association with education was no longer observed for adenocarcinoma. and education were stronger between regions than within regions.
Additional analyses were carried out to test the sensitivity of our results to various models with smoking that incorporated smoking. First, we tested the interaction between smoking status and education (in a crude model). We used different coding for smoking in this analysis: smoking status alone or with duration of smoking or current quantity smoked. There was no evidence of an interaction. We nevertheless conducted analyses stratified by smoking status (Figure 1 ). We observed inequalities among current and ex-smokers that were slightly smaller than among the whole population, and these were only slightly reduced after further adjusting for smoking characteristics. No statistically significant effect was found among never smokers, although the RII was substantially greater than 1 among men who never smoked.
This analysis could unfortunately not be stratified by geographic region because of the small number of lung cancers. Partial results however suggested a weaker association between education and lung cancer in Southern Europe than in the other geographic regions, independent of smoking status.
We also estimated the reduction in lung cancer incidence rates and absolute inequality in lung cancer risk if smoking could be eliminated (Table 6) . Under this assumption, the incidence rates would decrease dramatically, especially among subjects with low education but also among those with high education. The absolute inequality could be reduced substantially: from 65 to 29 per 100,000 person-years among men, and from 21 to 10 per 100,000 person-years among women.
DISCUSSION
This study reveals that adjustment for smoking decreased relative educational differences in lung cancer incidence by 50-70%, most notably in countries where higher lung cancer incidence was observed among people with lower education (men and women in Northern European countries and men in Germany). 
Validity of education as an indicator of the socioeconomic position
Education is an individual measure of socioeconomic position and allows classification of all individuals, including those who do not work. Nevertheless, the socioeconomic position of the nonsalaried participant may also be determined by the educational level of the salaried partner, an effect that may be sex dependent. Higher education may be associated with health through different pathways-subjects with higher education may be more receptive to prevention messages and may have a better ability to change their health behavior and to better use the health care system (15).
Although a common classification of education level has been used in all centers, we cannot rule out possible inconsistencies between centers. Moreover, the computation of the RII assumes a hierarchical order between all educational categories, and the hierarchy between the categories -vocational secondary education‖ and -other secondary education‖ is not always straightforward. However, we think that these limits would probably not affect the general patterns described at the international level. Our results are consistent with the available literature on this topic (3, 5).
Did we underestimate the role of smoking?
In this study, smoking accounted for slightly more than half of the educational differences in lung cancer incidence. This percentage is, however, slightly higher than what is generally found in the literature (up to 40%) (1, 2, 4, 16) . This difference may be due to a more precise adjustment for smoking in our study.
However, because the model selection and the final model were performed using the same data, the
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14 standard errors of the estimated coefficients will be somewhat underestimated. It is unlikely that this will change the main conclusion of this study which is that smoking partly explains socioeconomic inequalities in lung cancer incidence. In studies of smoking, residual confounding can never be completely ruled out.
Smoking rates may differ by education, and it is possible that this was not fully accounted for in our models. A crucial question is thus whether we underestimated the role of smoking in socioeconomic inequalities in lung cancer incidence to an important extent.
It is unlikely that we substantially underestimated the role of smoking in inequalities in lung cancer incidence. If residual confounding by smoking explained all remaining inequalities, it would mean that the effect of residual confounding is stronger than the effect that is due to the combined smoking variables we included in the model (which explain only slightly more than 50% of socioeconomic inequalities). Our results also showed that adjusting only for current smoking and dose substantially reduced the differences in lung cancer incidence associated with education and that a detailed measurement of past smoking (duration, age at starting) added comparatively little to the explanation.
However, several elements clearly point to substantial residual confounding due to smoking and consequently a possible underestimation of the weight of smoking in socioeconomic inequalities in lung cancer incidence. The differences observed between geographic regions in the level of educational differences after adjustment for smoking are consistent with the smoking epidemic (3, 6) . After adjusting for smoking, inequalities were modest among men in Southern Europe, where the literature consistently suggests small educational differences in smoking among middle-aged men, and they are still present in Northern Europe, where the literature reports large educational inequalities in tobacco consumption (6, 13) . The results by histological type are also consistent with residual confounding due to smoking. When smoking was adjusted for, the largest inequalities were still observed for the histological types having the strongest association with tobacco consumption, especially squamous cell carcinoma (7, 8) .
Moreover, the analyses by smoking status may suggest that smoking is the main cause of inequalities in lung cancer incidence because the inequalities are larger among current and ex-smokers, and non-statistically significant among never smokers. Nevertheless, the RII was greater than 1 among all
15 men who never smoked, but not statistically significant. The latter finding suggests that factors other than smoking play a role in socioeconomic inequalities in lung cancer incidence. However, this category of never smokers includes occasional smokers and also some light smokers or ex-smokers who stopped a long time ago, which may cause some residual confounding by smoking. This possible confounding may also account for part of the higher lung cancer risk found among men never smokers (17) . Furthermore, the group of never smokers may have been exposed to passive smoking both at home and at work. We found smaller but statistically significant inequalities among current and ex-smokers compared with the entire population in the present study, which is consistent with a previous report (18) .
If the remaining effect of education is due to residual confounding by smoking, then it is important to determine the reason for this confounding. It is likely that the measurement of smoking was not optimal. We did not take into account all aspects of smoking, such as quantity smoked for ex-smokers, occasional smoking, former quantity smoked for present smokers, type of tobacco smoked, and inhalation, which may differ by education. Misclassification of smoking because of lack of exposure information during follow-up is an additional potential source of bias. Also, we could not adjust for exposure to environmental tobacco smoke at home because this information was available for only a few centers.
Moreover, measuring smoking history retrospectively will inevitably lead to nondifferential misclassification, which in turn will lead to residual confounding. Measuring smoking history retrospectively may also introduce reporting errors that are differential according to educational level.
Although the literature suggests that self-reported smoking status is accurate and does not differ or only slightly differs by education, these studies focus on self-reports of current smoking status and do not provide any results on levels of consumption or history (number of cigarettes smoked or duration) (19, 20) . Information regarding dose and duration may be a more important issue than smoking status.
Other potential explanatory factors
We also investigated the role of diet in socioeconomic inequalities in lung cancer incidence. Only fruit and vegetable consumption was statistically significantly associated with lung cancer incidence (when inserm-00364819, version 1 -25 Feb 2010
16 controlling for smoking); a statistically significant interaction between fruit and vegetable consumption and smoking has been reported previously (10) . However, additional adjustment for fruit and vegetable consumption did not explain any further educational differences. The latter finding could have been expected, because we did not find any clear educational gradient in fruit and vegetable consumption, except among subjects in Northern Europe. It is nevertheless possible that we underestimated the role of diet in socioeconomic inequalities in lung cancer incidence. To our knowledge, no study on this topic has been published. One study adjusted for many risk factors, including smoking and diet, but did not specifically estimate the effect of each risk factor on inequalities in lung cancer risk (4) . Previous studies consistently suggest a weak association between diet and lung cancer, both in studies using a refined adjustment for smoking (21) and those conducted among never smokers (22) . Thus, because the potential effect of diet on socioeconomic inequalities is small, if it exists, it is difficult to observe. We may also have used an imprecise measure for diet, which may have resulted in underestimation of the strength of the association between diet and lung cancer and of the role of diet in socioeconomic inequalities in lung cancer incidence. Instead of analyzing daily consumption, biomarkers such as urinary measures of intakes of nitrogen or sodium may be the relevant indicators to take into account when studying the association between lung cancer and diet (23, 24) , but this topic is still under debate. Alcohol consumption was not adjusted for in the analyses. However, no association is reported between alcohol use and lung cancer incidence (25) .
Apart from diet, exposure to radon at home and occupational exposures may also contribute to the residual inequalities. Some rough estimates suggest that approximately 50% of socioeconomic inequalities in lung cancer mortality could be attributable to occupational exposures (26), but there are few studies on this topic (27). In addition, other factors may play a role in inequalities in lung cancer incidence, such as environmental exposure to pollution (28), physical activity (29) , and ethnicity (30).
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Conclusion
In summary, we investigated socioeconomic inequalities in lung cancer incidence and observed that smoking explained only slightly more than half of the excess of risk found among subjects with lower education. Our results do suggest residual confounding by smoking. However, because a substantial part of inequalities remained unexplained after adjustment for smoking, residual confounding may not be the only explanation, and this is supported by the finding that a socioeconomic gradient albeit not a statistically significant one in lung cancer incidence also existed in the never smoking population. In future studies, other risk factors should be considered, perhaps in relation with smoking. However, we also observed that removing smoking would reduce the population health burden that is associated with social inequality in lung cancer considerably, in terms of number of cancers avoided. Therefore, public health policies aiming at reducing smoking rates, especially among persons with low education, are still strongly needed.
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